Strengthening works performed only in the superstructure are often insufficient to prevent damage in buildings in consequence of seismic events.
Introduction
There is a world-wide demand, on understanding the real behaviour of buildings during earthquakes, to take action for prevention of seismic damage in many parts of the world. For example in the case of the urban area of Catania where about 20,000 people were killed out of a population of about 40,000 people during the 1693 earthquake, this disaster may be repeated again in the near future.
Although the earthquake sequences that took place in the east part of Sicily on 10 December 1990 were not so destructive for the urban area of Catania, and after the seismic event remedial works were performed on many damaged masonry buildings, it must be underlined that such works do not preserve the masonry elements from structural damage, often caused by subsoil settlements. Remedial works are frequently carried out only in the superstructure, paying no attention to the foundation, and totally neglecting the fact that a structural improvement can be dangerous to the stability of the whole building and can mean only a waste of money if the foundation soundness is not taken into account.
The topic of the present paper is to analyse the seismic behaviour of the shallow foundation of a masonry building, focusing on its bearing capacity according to a new approach based on the characteristics line method (Carfì [7] ; Maugeri & Novità [2] ). This allows one to evaluate the seismic bearing capacity considering the effect of the inertia forces of the structure as well as the possible effects of the inertia forces in the supporting soil itself, as suggested by Eurocode 8 (EC8 [3] ). In fact, EC8 [3] prescribes calculating the design vertical bearing capacity by considering the load inclination and eccentricity arising from the inertia forces of the structure, as well as the possible effects of the soil inertia forces. But while it suggests calculating the load inclination and eccentricity as reported in annex B of Eurocode 7 (EC7 [8] ), it does not give any suggestions regarding the way of taking into account the soil inertia. The procedure proposed represents a simple and useful tool for the evaluation of the dynamic bearing capacity of shallow foundations, considering both the over-structure inertia as well as the soil inertia.
In this paper, firstly the foundation behaviour was analysed considering the inelastic spectrum suggested by the Italian Rules (D.M.19/01/1996 [9] ) and characterized by a specific peak ground acceleration, according to the indication for the second seismic category where the city of Catania is located. Secondly, a local site response was carried out and the seismic bearing capacity of the foundation was evaluated taking into account the average value of the inelastic spectral-pseudo acceleration of the inelastic response spectrum for the building site.
2 The building, the site characterization and its response
The building analysed
To have an overview of the actual scenario of the urban area of Catania, in terms of the historical and structural state of degradation of the buildings, comprehensive research has been carried out at the historical archives in order to classify the 179 buildings built between 1917 and 1931 and made up with different type materials, i.e. masonry structures and RC frames. No detailed documentation was found for the period ranging from 1917-1924 whereas a wide documentation, in terms of foundation and elevation plans, frontal views, cross section and construction details, was found for the 47 masonry buildings built in 1926, the 18 built in 1927, the 38 in 1928, the 29 in 1929, the 30 in 1930 and the 10 built in 1931.
Among all these structures, attention was focused on a six-storey masonry building built on 11.05.1929 as economic railwaymen houses, in the centre of the city. The structure presents a regular geometry both in plan and in height and it has in plan a dimension of 40.20 m by 13.40 m (Fig. 1) . Its walls are made up of red-bricks connected by mortar and characterized by a thickness of 0.70 m to the ground floor, which decreases in height achieving the value of 0.50 m in the top floor.
The floors are brick-concrete type with RC tie beams, with the exception of the inclined roof, made up of flexible wooden beams. All the storeys present a height of 3.60 m, for a total height of 21.60 m. As far as the foundations are concerned, it was not possible to inspect them on site by excavation, so following the documentation data collected in the state archives, it was understood to be a shallow foundation larger than the walls above, with a width ranging from 0.70 m to 0.90 m referring to the first 2.50 m of embedment, and a width ranging from 0.90 to 1.10 m referring to the following embedment. For the analysis described in the following sections, an embedment of 2.50 m was considered.
Site characterization
Site investigations, performed by means of four different vertical boreholes drilled in the area next to the examined building, i.e. boreholes 1015, 1014, 1018 and 1019, allowed us to know the soil stratigraphy of the analysed area. In particular, referring to the closest one, i.e. borehole 1015, 16 m deep, the soil stratigraphy ( Fig. 2 ) was characterized by a first stratum 2.5 m deep of top vegetable soil, a second stratum 3.50 m thick of very fractured lavas, scoriaceous lavas, volcanoclastic rocks and finally by a third stratum 8 m thick of slightly fractured lavas. No ground water was found at a depth significant for the bearing capacity analysis, described later on.
The static and dynamic geotechnical properties of the subsoil were defined referring to the geotechnical zoning of the urban area of Catania provided by Pastore and Turello [10] for earthquake engineering purposes. Due to the high numbers of boreholes and data collected in the urban area of Catania, such parameters, provided for each fundamental zone, represent in a realistic way the geotechnical nature of the foundation soils. Figure 2 shows the values of soil parameters for the geotechnical units R, E-X and E found in borehole 1015. The seismic soil analysis was carried out referring to the average values, i.e. a total unit weight γ equal respectively to 18 kN/m 3 (R), 21 kN/m 3 (E-X), 22 kN/m 3 (E) and a shear wave velocity Vs equal to 175 m/s (R), 340 m/s (E-X) and 925m/s (E). So, taking into account that the shear velocity achieves a higher value in the third stratum, the bedrock was assumed conventionally to be at depth of 16 m above the free-field. Unfortunately, Pastore and Turello [10] did not provide any geotechnical values in terms of cohesion and shear resistance angle for the analysed geotechnical units. So, the mechanical characteristics of the subsoil were defined referring to the investigation program performed in Saint Nicola alla Rena Church (Cavallaro et al. [11] ), consisting of the same type of fractured and slightly fractured lava and volcanoclastic rocks. Such an investigation represented in fact an attempt to provide a case record for seismic response analysis. So, the E-X and E units were characterized by a cohesion c' equal to 0 kPa and φ' equal to 28°-39° and in particular it was assumed that a resistance shear angle φ' was equal to 28° for the second stratum and φ' equal to 39° for the third one. As far as the dynamic properties of the subsoil are concerned, the relationships proposed by Cavallaro et al. [11] for Saint Nicola alla Rena Church area were considered. The law of the shear modulus G as well as the law of the damping ratio D were obtained on the basis of the dynamic laboratory tests, such as resonant column tests and torsional shear tests. The decrease of the soil shear modulus G and the decrease of the damping ratio D with the deformation level were expressed by the following laws:
in which G(γ) is the strain dependent shear modulus, γ the current shear strain in percent, 7.5, 0.897, 90 and 4.50 are soil constants, D(γ) is the strain dependent damping ratio and G 0 the initial shear modulus obtained for each stratum according to the relationship G 0 =ρ⋅V s 2 in which ρ=γ/g.
Local site response
The earthquake of January 1, 1963 is considered one of the biggest earthquakes ever to have occurred in Italy, which destroyed almost completely the city of Catania, and it was calculated that more than 1500 aftershocks occurred over a period of more than two years after the main shock. This earthquake, with an intensity of X-XI degrees on the MKS scale and a magnitude between 7.0 and 7.4, struck a vast territory of south Sicily causing the destruction of about 57 cities and 60,000 casualties. According to such considerations, since no accelerometer recording stations close to the area of the examined building were in operation during these recent earthquakes, the local seismic response and the design spectrum for the analysed masonry building were carried out considering the synthetic time-history acceleration provided by Grasso et al. [12] .
They carried out a 2-D numerical analysis based on the spectral element code (SPEM 2-D) considering an earthquake with an epicentre 13 km distance from the coast of Sicily, along the Hyblean-Maltese fault, and characterized by the same magnitude as the 1693 earthquake, i.e. M=7.0. Seven different sites were analysed along the transept (Fig. 3a) and among them, the acceleration timehistory evaluated in site 5, characterized by lava rocks at a depth of 31 m were considered. Such an input, shown in Fig. 3b , was characterised by a PGA equal to 2.164 m/s 2 .
The local surface seismic response in terms of accelerations, velocity and displacements was performed by means of the 1-D non-linear numerical code GEODIN (Frenna & Maugeri [13] ) developed at the University of Catania and validated by means of comparison with the SHAKE code and some experimental data (Maugeri et al. [14] ). The subsoil columns, characterized by a shear behaviour, is discretized as a 1-D system with lumped masses: the column is divided into several horizontal, homogeneous and isotropic layers characterized by a mass, a spring and a dashpot as well as different values of initial shear modulus G 0 , damping ratio D and density ρ. The soil non-linearity is considered by means of the laws of shear modulus and damping ratio against strain (eqs. 1, 2) inserted in the code. Moreover, the inelastic soil behaviour is simulated considering the vibrating system as an elastic one during each step of the analysis and revising then, step by step, the single layer stiffnesses in relation to the strain level reached. The dissipation phenomena, due to the hysteresis loops, are taken into account by means of an equivalent viscous mechanism. The code operates both in the frequency and in the time domain and in particular, the solution of the equation of motion is achieved in the time-domain by means of Newmark's method.
Once the input motion was applied at the base of the column, i.e. at the bedrock fixed at 16 m, the code demonstrated the dynamic response in terms of displacement, velocity and acceleration, as shown in Fig. 4 . The response spectra (Sa/g versus Tn) were also evaluated at the top of the column, i.e. in free-field condition, and compared with the normalized elastic response spectra provided by the draft version of EC8 [15] which considered seven different classes (A, B, C, D, E, S1 and S2 ).
According to EC8, the shape of the elastic response spectrum depends on the ground type and so two different types of spectra are indicated, i.e. Type 1 and Type 2, which are caused respectively by earthquakes characterized by a surfacewave magnitude greater than 5.5 or lower than 5.5.
For the specific case analysed, the type 1 of horizontal elastic response spectra were taken into account (Table 1) . Such spectra are reported in the Eurocode in terms of: Se (T), i.e. the ordinate of the elastic response spectrum; T, i.e. the vibration period of a linear single degree of freedom system where in particular T B and T C are the initial and final abscissas of limits of the spectrum plateau, T D is the value defining the beginning of the constant displacement response range of the spectrum and: S, i.e. a soil factor; ag, i.e. the design ground acceleration, η; i.e. the   damping correction factor expressed as:
where ξ str ranges generally between 2%-5% for reinforced concrete buildings and between 5%-10% for masonry buildings and assumed to be equal to 10% for the specific masonry building analysed. In the present analysis, the response spectra provided by the numerical code GEODIN have been considered and they have been compared with the elastic response spectra proposed by EC8, refer to the subsoil classes A (Vs>800 m/s) and B (Vs=360-800 m/s), as reported in Fig. 5a , b. The response spectra have been analysed considering both ξ str =5% and ξ str =10%.
The presence of the structure, and so of the surcharge applied to the soil due to the building, was also taken into account considering a surcharge q F evaluated assuming the total weight of the building is spread on the whole building area, i.e. an average value of q F = 105 kN/m 2 . This procedure represents a simple way to take into account the structure presence, modelling the building mass as an artificial layer of small thickness, high density and stiffness but neglecting the cinematic characteristics of the structure. Taking into account that structures deform into their inelastic range during earthquakes, the inelastic response spectra were also evaluated according to the method proposed by Giuffrè, by means of a reduction factor "q", evaluated as reported in eqs. 4, 5 and 6, depending on the period and on the building ductility factor µ: 
For the examined building, a damping ratio ξ str =10% was considered, commonly used for masonry structures, and a ductility factor µ=1.5 as suggested by the Italian Rules (C.M.LLPP 30/07/1981 [16] ), according to the type of material of the structure. The numerical inelastic response spectrum is reported in Fig. 8 . The figure shows that the peak values of the S a /g ratio, S a being the spectral acceleration and g the gravity acceleration, is reached for very small values of the period T n , i.e. the peak value equal to 0.43 g is reached for a period T n equal to 0.20 s. For structural designs, the peak effective acceleration should be considered, but since it will be too conservative, the average value of the inelastic spectral pseudo-acceleration computed in the range of 0.10 s ≤ Tn ≤ 0.50 s, will be considered, as suggested by the ATC [17] . Such an average seismic coefficient is equal to 0.25 g for the analysed building. 
Bearing capacity evaluation
In order to evaluate the bearing capacity of the masonry building, the static and the pseudo-static analysis of the building itself was carried out by means of the finite elements numerical code IperWall 2.0 [18] .
To perform a pseudo-static analysis, the seismic input was simulated by means of horizontal forces, applied at each elevation of the building and [19] ) which deal respectively with the improvement and/or retrofitting of masonry buildings damaged by earthquake and with the regulations for building in seismic areas. For the i-elevation, such forces are equal to F i = k·γ i ·W i , where k is the seismic coefficient, γ i is the seismic action distribution coefficient with the elevation height and W i is the seismic weight at the i-elevation and computed in terms of the dead load G i , the live load Q i and the reduction factors of the live load "s" as W i = G i +s Q i , with s=0.33 as prescribed for residential civil buildings. The vertical loads, horizontal forces and bending moment transferred by the superstructure to the foundation were computed. Hence, the bearing capacity of each strip foundation was estimated firstly both in the static and dynamic condition according to the widely used superposition formula proposed by Brinch-Hansen [6] , neglecting the influence of the soil inertia.
Secondly, as suggested by the Eurocode, the dynamic bearing capacity has been computed taking into account the presence of the inertia forces in the soil, according to the Richard et al. [4] method, following the Paolucci and Pecker approach [5] and finally according to a new numerical model developed at the University of Catania based on the characteristics line method (Maugeri & Novità [2] .
It must be stressed that the dynamic analysis has been performed considering both the seismic coefficient k=0.07 g, as recommended by the Italian regulations (D.M. 11/03/1988 [18] ; D.M. 19/01/1996 [9] ) and the average seismic coefficient k= 0.25 g obtained from the inelastic response spectra according to ATC [17] . In particular, the loads per square metre transferred to the subsoil both in static conditions (q act,s ) and in dynamic conditions (q act,e ) have been reported and compared with the limiting value q lim estimated according to the above mentioned method. The analysis was performed considering only nine of the whole shallow foundation elements, i.e. those characterized by bigger values of static loads per square metre transferred to the subsoil, as reported in Fig. 9 .
Brinch-Hansen method (1970)
The Brinch-Hansen approach allows us to compute both the static and the seismic bearing capacity (q L ) of a shallow foundation by means of the following superposition formula expressed in terms of the soil cohesion c, the soil unit weight γ′, the effective overburden pressure at the level of the foundation base q′ and the effective foundation width B′=B -2e, e being the structural load eccentricity: where N c , N q , N γ are the bearing capacity factors, and α c , α q , α γ are the dimensionless factors expressed as α= i⋅g⋅s⋅b⋅d which take into account respectively the load inclination, the ground surface, the foundation shape, the base of the foundation and the depth of the foundation.
In the above reported superposition formula, the seismic effects are taken into account by means of the dimensionless factors i, which consider the load inclination due to the inertia forces applied to the overstructure. But it does not consider the inertia forces of the soil. The results of the bearing capacity analysis using the Brinch-Hansen method have been summarized in Table 2 , for the static conditions, and in Table 4 for the dynamic conditions. It is evident that for the analysed foundation elements, the bearing capacity analysis is satisfied both in static and dynamic conditions, according to the Italian D.M. 11/03/1988 [19] showing in all the cases a safety factor F saf bigger then 3. In particular, F saf ranges between 6.77 and 14.01 in static conditions, between 5.18 and 11.80 in the case of k=0.07 and between 3.56 and 6.78 in the case of k=0.25. 
Richard et al. method (1993)
Based on the active-passive Coulomb wedge mechanism, the limit analysis method proposed by Richard et al. [4] for computing bearing capacity by the classical upper-bound approach has been used. This method allows us to extend directly the static failure mechanism to the dynamic earthquake situation including horizontal and vertical inertial forces in the soil and on the footing due to the accelerations k h g and k v g. Hence, the seismic bearing capacity (q lim,e ) of a shallow foundation is evaluated by means of the common superposition formulation proposed by Brinch-Hansen [6] , but expressed in terms of the dimensional dynamic bearing capacity factors N qE , N γE , N cE :
N c = (Nq -1) cotφ (10) where K AE and K PE represent the earth seismic pressure coefficients and ρ AE the critical angle of rupture in seismic conditions (Richard et al. [4] ).
The results of the bearing capacity analysis according to the limit analysis method are reported in Table 4 . It is evident that when the seismic coefficient suggested by the Italian regulations is considered, i.e. kh=0.07, the bearing capacity analysis is satisfied and the safety factor F s is much bigger than the recommended one, ranging between 3.78 and 8.30 respectively for elements 48 and 54. On the other hand, when the average seismic coefficient k= 0.25 g is considered, the safety factor ranges between 1.33 and 2.78, again for the same elements. 
Paolucci and Pecker method (1997)
The kinematic approach of the yield design theory mechanism, proposed by Paolucci and Pecker [5] to determine the best upper bound approximation for the limit load, has been adopted to compute the bearing capacity of shallow foundations due to the seismic actions transmitted by both the overstructure and the soil inertia. According to the kinematic mechanism, which is a Prandtl type, the bearing capacity reduction factor v due respectively to load eccentricity (v e ), to the inertia of the soil (v i ) and to the effect of load inclination (v h ) that describes the influence of the horizontal load transmitted by the loading superstructure, is given by the following expression: v= ve· vi· vh = 0.35 1.8 3
Hence, seismic bearing capacity is obtained multiplying the static bearing capacity by the reduction factor v.
The results of the bearing capacity analysis reported in Table 4 show that when the analysis is performed considering a seismic coefficient kh=0.07, the safety factor F s ranges between 4.25 and 8.76 respectively for elements 48 and 54, and so for the same foundation elements considered with the Richard et al. [4] approach. Hence, the bearing capacity analysis is well satisfied. Otherwise, the safety factor F s ranges between 1.46 and 2.38, respectively for elements 48 and 54, when the average seismic coefficient k=0.25 g is used.
Characteristics line method of the limiting equilibrium (2004)
The characteristics line method, developed within the theory of limiting plane equilibrium of a granular medium characterized by a density γ, a resistance shear angle φ and a cohesion c, is based on the assumption that in a soil mass, in an incipient state of collapse, the rupture criterion and the equilibrium condition have to be satisfied. Hence, once the upper and the bottom limit have been found, for the theorem of unicity there is an unique ultimate loading admissible both in static and in cinematic conditions.
The method was at the beginning proposed by Sokolovskii [20] to solve the stability of foundations and slopes in a static field as well as the failure-line network. But it was then reviewed at the University of Catania to take into account the changes that take place in consequence of a seismic motion (Carfì [7] ).
Hence a numerical procedure has been developed at the University of Catania (Maugeri & Novità [2] ), as a development of Sokolovskii's theory, in order to analyse the shallow foundation stability in pseudo-static conditions, paying particular attention to the pattern of the slip-surface and to the geometry of the characteristic slip-line network; to the tensional state underneath the foundation and in general inside the slip surface; to the dynamic bearing capacity of the shallow foundation taking into account both the cinematic effect, due to the soil inertia of the soil, that take part to the mechanism of rupture underneath the foundation, and to the inertial effect, due to the seismic forces of the overstructure that transfer a shear force to the foundation.
Useful charts of the dynamic bearing capacity factors have been provided for different values of the resistance shear angle ranging between 10° and 50° and for different inertial forces conditions, i.e. in the presence of only soil inertia (and so a percentage of the inertia forces transferred from the overstructure to the foundation equal to zero, "f"=0) and in the presence of the soil-overstructure inertia forces (f=1).
Hence, the classical superposition formula, proposed by Brinch-Hansen for the evaluation of the dynamic bearing capacity of shallow foundations, has been re-written taking into account the possible effects of the inertia forces. New dimensionless factors h have been introduced, so that the dynamic bearing capacity factors N E can be written as N E =N S ·h.
For sake of completeness, in Table 3 the dimensionless factors h γ , h q , h c are reported, distinguishing the case in which only the soil inertia is taken into account (h γ0 , h q0 , h c0 ) from the case in which the soil-structure inertia is considered (h γf , h qf , h cf ). By the way, the present analysis has been performed considering the general case of f=1.
The results of the bearing capacity analysis according to the characteristics line method are reported in Table 4 . Once again the foundation elements satisfy the seismic bearing capacity when it is performed according to the Italian Regulations, i.e. Fs ranges between 4.28 and 9.40 respectively for elements 48 and 54, whereas it ranges between 1.65 and 3.45 when kh=0.025. 
Referring to the foundation element n. 48, the slip-surface and the characteristic slip-line network has been reported in Fig. 10 , as well as the stress surface in the xyσ space (Fig. 11) . The failure surface is characterized by a length of 2.98 m and maximum depth of 0.88 m. 
Comparison between the theoretical analysis results
The results given by the above mentioned analysis have been compared and summarized in Table 4 . It is evident that the approach based on the BrinchHansen method provides an ultimate dynamic bearing capacity much bigger than that given by the other three theoretical approaches that take into account the presence of the soil and overstructure inertia forces, underlining the soil inertia effects on the reduction of the ultimate bearing capacity which cannot be neglected.
Otherwise such a gap increases passing from the characteristics line method to the Paolucci and Pecker approach and Richard et al. approach. In particular, the characteristics line method provides a seismic bearing capacity 17% lower than that provided by the Brinch-Hansen method, the hypothesis of k h =0.07, whereas the Richard et al. and Paolucci and Pecker approaches provide an average decrease respectively of 12% and 4% compared to the Sokolovskii method. Such a gap increases when a bigger seismic coefficient is considered and, for instance, the safety factors provided by the characteristics line method is 44% smaller than that given by the Brinch-Hansen method, and about 61% smaller compared with the Paolucci and Pecker and Richard et al. approaches. Hence, among the approaches adopted, Richard et al. appears to be the more conservative, whereas the difference between the results provided by the characteristics line method and the Paolucci and Pecker approach are quite negligible (about 4% when kh=0.07). This could be due to the fact that the Coulomb-type mechanism developed by Richard et al. for the shallow foundation is an adaptation of the Mononobe-Okabe analysis of retaining wall to the footing.
Besides, regarding the seismic safety factor, it must be stressed that the Italian Regulation concerning building design in seismic areas (D.M. 19/01/1996 [9] ) does not define a minimum value of the seismic safety factor. Generally the minimum value of the safety factor F s, st = 3, reported in the D.M. 11/03/1988 [19] is used, but this leads to a too conservative design.
Conclusion
The static and pseudo-static bearing capacity verifications represent an important starting point for every comprehensive building improvement and/or retrofitting.
In the present paper, the dynamic bearing capacity analysis of the shallow foundation of a full-scale masonry building was performed, on the basis of the dynamic characterisation of the subsoil (Pastore & Turello [10] ; Cavallaro et al. [11] ) and of the local site response performed by means of the 1-D non-linear numerical code GEODIN (Frenna & Maugeri [13] ). Firstly, the foundation behaviour was analysed considering the inelastic spectrum suggested by the Italian Rules (D.M 19/01/1996 [9] ), i.e. the seismic coefficient recommended for the second seismic category. Secondly, the local seismic response and the design inelastic spectrum for the analysed masonry building were evaluated considering the synthetic time-history acceleration referred to following the destructive earthquake of 1693 (Grasso et al., [12] ). Hence the analysis was performed considering the average value of the inelastic spectral pseudo-acceleration according to ATC ( [17] .
The ultimate loading was previously computed according to the worldwide used Brinch-Hansen method [6] . Then, for the pseudo-static conditions, according to the suggestions of EC8 [3] , the soil inertia effects were also taken into account, considering that, even if EC8 recommends the inclusion of the soil inertia effect, it does not give any indication for the computing of this effect.
To this aim, a new numerical model based on the characteristics method line (Maugeri & Novità [2] ) which allows us to evaluate the seismic bearing capacity considering the effects of the inertia forces in the supporting soil as well as the effect of the inertia forces of the structure, was used. The results of the analysis were compared with those provided by two other recent approaches which take also into account the soil inertia effect on the seismic bearing capacity reduction, i.e. Richard et al. method [4] and Paolucci and Pecker method [5] .
As regards the bearing capacity analysis, it must be underlined that while in static conditions, the allowable bearing capacity criterion suggested by the Italian geotechnical D.M. 11/03/1988 [19] [9] ) is quite questionable, because it does not clearly establish a minimum value of the seismic safety factor F SE . In reality the estimation of an appropriate minimum value of F SE is strongly dependent on the estimation of the seismic coefficient k, which is linked to the soil amplification. The greater the value of k, the greater the reduction of the bearing capacity, due to the effects of the inclination of the loads transferred by the superstructure to the foundation, due to the eventual eccentricity of the vertical loads and, above all, due to the soil effect (Grasso et al. 2001 [21] ). For the examined masonry building, on the basis of seismic ground motion response analysis, a value of the seismic coefficient much greater than those reported by the Italian Regulation, and equal to 0.25, was considered.
Finally a comparison between the safety factors provided by the different approaches were compared, underlining how the soil inertia effects on the reduction of the ultimate bearing capacity is a phenomenon that cannot be neglected, since it causes a deep decrease of the ultimate loading, compared to that provided by the classical Brinch-Hansen method. According to some authors the soil inertia effects may be disregarded if the foundation is designed with a safety factor that is sufficiently high, i.e. F SE ≥2.5 (Paolucci & Pecker [5] ), but this means that it is necessary to perform first a more realistic dynamic analysis of the building taking into account the subsoil and also the design inelastic spectrum for the examined building, since often the inelastic spectrum suggested by the Italian Rules was not realistic.
In fact, for the analysed building, if the seismic coefficient recommended by the Italian regulation is considered, the shallow foundation does not need any remedial work, since the safety factor is always bigger than three, whereas when the design inelastic spectrum is considered, the safety factor became much smaller, and in any case becomes smaller than three.
